Through the ability of magnetic resonance imaging (MRI) 
INTRODUCTION
Hyaline cartilage is a type of fine connective tissue composed of a complex mesh of collagenous fibers, water and proteoglycans (1) . Chondral lesions generally progress slowly and the clinical manifestations occur late in the process.
Simple radiography allows indirect evaluation of the cartilage and forms a good option for assessing degenerative disease, in view of the present therapeutic choices. Direct examination of the hyaline cartilage through magnetic resonance imaging (MRI) is indicated particularly in early cases of osteoarthrosis with little or no alteration on simple radiography.
As imaging methods have developed, it has become possible to evaluate cartilage impairment at increasingly early stages and ever more accurately. This evolution in imaging methods has advanced alongside the development of new drugs for treating chondral degeneration. However, imaging findings need to be assessed cautiously and always in conjunction with the patient's symptoms, with the aim of avoiding unnecessary treatments.
Magnetic resonance
MRI enables direct evaluation of the hyaline cartilage and reflects its biochemical and histological complexity.
It is considered to be the best noninvasive method for assessing the joint cartilage because of its high softtissue contrast (2) (3) (4) (5) . Through conventional techniques, it supplies information on chondral thickness, morphological abnormalities of the chondral surface, changes in signal within cartilage substances and abnormalities of the subchondral bone. Through more recent techniques, MRI supplies information on the biochemical and physiological characteristics of the hyaline cartilage. Thus, MRI has become increasingly sensitive with regard to detecting early chondral lesions.
Conventional techniques
Studying the hyaline cartilage depends on obtaining images with high spatial resolution (6) . MRI equipment has developed greatly over recent years, with improvements in gradients and radiofrequency coils. With the present-day equipment, 1.5-Tesla magnets provide cartilage images of excellent spatial resolution. The MRI sequences used for studying joint cartilage are of T1-weighted, proton-density and T2-weighted types. T1-weighted sequences are not useful for evaluating cartilage but, rather, for evaluating the subchondral bone. T2-weighted sequences evaluate the subchondral bone and the interface between the cartilage and the synovial 1A 1B
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Rev Bras Ortop. 2010;45(4):340-6 fluid, with less distinction between changes in the intrinsic signal of the hyaline cartilage. For direct viewing of the hyaline cartilage, the proton density-weighted sequence provides greater contrast in its structure and also evaluates the cartilage-synovial fluid interface and the subchondral bone. Currently, the proton densityweighted sequence is considered to present the greatest accuracy for detecting chondral lesions (7) (8) (9) . Volumetric sequences using gradient echoes (echo gradient and SPGR) supply images with high spatial resolution and are indicated for quantification of the chondral morphology. Their disadvantages include lower contrast between the cartilage and the synovial fluid and the long acquisition time required (10) (11) (12) (13) . However, several volumetric sequences based on gradient echoes are under development, with the aim of augmenting the contrast of the cartilage-synovial fluid interface and shortening the acquisition time (14, 15) (Figure 1 , A and B).
Over the last two years, the use of high field strength magnets has increased in clinical practice, especially 3-Tesla magnets (16) . These magnets make it possible to acquire morphological images at higher spatial resolution, which would be impossible to achieve over a reasonable acquisition time using 1.5-Tesla apparatus ( Figure 2 ). Nevertheless, there is still a lack of studies in the literature that might demonstrate whether the use of 3-Tesla magnets provides any increase in accuracy for detecting chondral lesions, in relation to 1.5-Tesla magnets.
Normal cartilage
By using MRI techniques with high spatial resolution and good soft-tissue contrast, a three-layer pattern can be observed in the hyaline cartilage: 1) surface layer with low-intensity signal; 2) intermediate layer with high-intensity signal; and 3) deep layer with low-intensity signal and a "palisade" transition into the intermediate zone. This three-layer appearance is more evident in cartilage of greater thickness, such as the patellar and femoral trochlear cartilage ( Figure 3 ). sions is the presence of areas of greater signal in proton density and T2-weighted sequences and on the echo gradient. However, this signal does not have the sensitivity to determine lesion presence. A study demonstrated that 70% of chondral lesions presented a high signal in relation to normal cartilage on the proton density sequence, while 20% presented a signal similar to that of normal cartilage (i.e. lesions were not seen on MRI) and 10% presented a low signal in relation to normal cartilage. It was also demonstrated that high-signal lesions were more extensive than were lesions with the same signal or low signal (19) . Chondral tapering, loss of definition of the cartilage outline and surface irregularities are other signals that help in the evaluation.
It has been demonstrated that the most frequent locations for chondral lesions are the medial femoral condyle (on its most internal aspect) and the lateral tibial plateau (on its most posterior portion) (20) (Figure 4 , A and B).
To classify chondral lesions using MRI, a system based on arthroscopic classifications is used (21) (22) (23) . Grade I lesions are shown as abnormalities of focal signals within cartilage substances, corresponding to softening of the cartilage seen on arthroscopy. Grade II lesions are shown as abnormalities of the surface signal, indicating fibrillation or erosion of less than 50% of the chondral thickness. In Grade III lesions, there is loss of more than 50% of the chondral substance and there may be small areas in which the bone surface is reached. Grade IV lesions indicate extensive full-thickness chondral defects with bone marrow edema ( Figure 5, A to D) . Axial T2-weighted MRI of the patella with fat saturation, demonstrating the three-layered appearance of the hyaline cartilage. The deepest layer presents low-intensity signal (arrow); the intermediate layer, high-intensity signal (black arrowhead); and the surface layer, low-intensity signal (white arrowhead).
Chondral lesions
The accuracy of MRI for detecting chondral lesions depends on the MRI technique used and, especially, on the size of the lesion. In cases of superficial fibrillation, conventional MRI with protocols optimized for cartilage evaluation presents low diagnostic accuracy. The accuracy is greater in deeper lesions, particularly in those that present more than 50% loss of chondral substance, with values in the literature ranging from 73 to 96% (17, 18) . Chondral lesions are diagnosed through signal, thickness and morphological abnormalities of the hyaline cartilage. The most specific MRI signal for chondral le- 
Alterations to the subchondral bone
Loss of joint cartilage integrity may cause abnormalities in the underlying bone, such as cysts (geodes), sclerosis and osteophytosis, which can be detected by means of MRI (Figure 6 , A to C). Another frequently associated finding is elevation of the subchondral bone signal, which is known as bone edema but in reality is the expression of a variety of histological abnormalities such as necrosis, fibrosis and trabecular microfractures (24) . It has been demonstrated that subchondral cysts develop in preexisting areas of "subchondral bone edema" (25) .
Synovial abnormalities
Chronic chondral lesions with detachment of cartilaginous fragments into the joint lead to chronic irritation of the synovium and may cause synovitis. In some cases, the synovial response is very extensive and may take on a pseudotumoral appearance on imaging examinations (Figure 7 , A to C). It is also common for there to be free bodies in the joints, especially in the suprapatellar recesses, posteriorly to the femorotibial and popliteal joints.
Secondary joint alterations
Arthrosis may also lead to certain secondary joint alterations. Among these are degenerative lesions of the medial meniscus and osteonecrosis with joint collapse (Figures 8 and 9, A and B) .
Physiological assessment of the hyaline cartilage by means of MRI
The hyaline cartilage consists of water (70% of the weight), type II collagen and proteoglycans. Through techniques for MRI acquisition and evaluation, the biochemical composition of the hyaline cartilage can be assessed. These techniques are still at the research stage, but they are promising in relation to their clinical application in the near future, especially in relation to early detection of chondral lesions before their manifestation as macroscopic anatomical lesions. In the following, some of these techniques will be described briefly: -T2 mapping: This assesses the water content and ultrastructure of the tissue collagen. The T2 relaxation time measurement demonstrates areas of greater or smaller water content, depending on the chondral lesion (26) (27) (28) . This measurement is represented by a map on a scale of colors. Longer T2 relaxation time in focal areas of cartilage is associated with damage to the chondral matrix and, especially, loss of collagen integrity (Figure 10, A and B) .
-T1-rho mapping: This is a promising technique that is very sensitive for evaluating early depletion of proteoglycans (29, 30) . -d-GMERIC (delayed gadolinium-enhanced MRI of cartilage): Proteoglycan consists of glycosaminoglycan chains with abundant positive charges. The paramagnetic contrast most used is gadolinium (Gd-DTPA), and this also presents negative charges. After intravenous injection, the paramagnetic contrast penetrates the cartilage and is distributed to areas with low glycosaminoglycan concentration (28, (31) (32) (33) . Through a T1 map, the Gd-DTPA concentration can be quantified and, consequently, the glycosaminoglycan content. , demonstrated by the color map (arrows) and distributed heterogenously, and more markedly on the lateral facet, thus indicating structural damage to the chondral matrix. A small fissure on the medial facet is also seen (arrowhead).
